. Therefore, even in our low transmission region, we need a 89 sensitive, reliable, robust and high-throughput method to evaluate parasite genotype and within-host COI over time.
90
In this study, we compared a method of quantitative PCR (qPCR) with traditional PCR ( . We developed our method specifically to quantify different genotypes over time.
96
In addition to demonstrating sensitivity of the qPCR method, the experimental co-infections showed 97 evidence of density dependent dynamics. Previously, rodent malaria model infections were used to investigate 98 experimental co-infections of different Plasmodium chabaudi genotypes (Taylor et al., 1997) . Recently, a qPCR 99 method was developed to investigate density dependent parasite-parasite interactions in the rodent malaria 100 experimental infections, using an analogous gene for genotyping (Cheesman et al., 2003 
122
MR4 repository. These are commonly used reference strains with robust growth and similar multiplication rates.
123
Clones designated 6390 and MZ1187 were isolated in our field site near Iquitos, Peru. After cultivation of field 124 isolates for seven consecutive days, they were cryo-preserved and transported on dry ice. Prior to experimentation, 125 field isolates were cultured for two weeks in continuous culture to ensure parasite viability between generations.
126
Isolates were cultured according to previously described methods (Trager & Jensen, 1976 ) at 5% hematocrit using
127
Albumax II (Invitrogen, CA) as a substitute for human serum and gassed in a modular incubator chamber (Billups-F o r P e e r R e v i e w same donor were added throughout the experiment. Parasitemia was counted daily using microscopy and 0.5mL of for four days with daily media changes. Giemsa stained slides were made every day and 0.5mL of culture was taken 142 every other day for DNA extraction starting with 4mL cultures. No additional erythrocytes were added after day 143 zero during the second experiment. Unlike the first experiment, FCR3, which has a greater multiplication rate than 144 the field isolates, was permitted to reach a maximum density since infected erythrocytes were not replaced. 
161

QPCR of PfMSP1-B2
162
Taqman probes® for quantitative PCR were designed in order to anneal with conserved polymorphisms 163 specific to each allele allowing product-specific detection and multiplexing of reactions. Reactions for qPCR
164
implemented the same internal primers used during nested PCR at a final concentration of 900.0nM. K1 and Mad20 
177
genomic DNA provided and quantified by MR4. Parasitemia was also associated with Ct values using microscopy 178 counts from cultured isolates as standards.
179
SYBR green fluoresces when bound to double-stranded DNA, which allows non-specific detection of DNA 180 amplification during qPCR. Internal primers described above were used at a final concentration of 500.0nM in 181 separate reactions. SYBR buffer (Applied Biosystems, Warrington, UK) was used at a final 1x concentration.
182
25.0uL reactions contained 5.0uL of DNA and were performed in triplicate.
184
RESULTS
185
A new method of quantitative PCR
186
Quantitative PCR was the most sensitive method for detecting low density alleles compared with gel and 187 capillary electrophoresis; however, it is limited by its inability to determine sequence length ( 
200
Interactions in vitro, considering reference laboratory strains:
201
We tested for the loss of either clone during ten days of co-culture when originally mixed in proportions of 
209
Dd2 parasites grew more quickly and had a shorter life cycle than K1 parasites. Dd2 and K1 control 210 cultures had the same overall parasitemia as the respective clones in mixed cultures during the first 48 hours.
211
Likewise, the growth of controls was statistically the same as mixed groups during this time (Fig. 2) . After the first 212 round of replication, the adjusted parasitemia for Dd2 controls was lower than Dd2 in mixed cultures (Fig. 2) 
231
and being outside the host for less than fifteen generations, which permits the study of density sensing using clones 232 that have not lost natural phenotypes due to laboratory propagation.
233
Unlike the previous experiment, single clone controls started with the same parasitemia (0.5%) as each
234
respective clone in the 50:50 mixtures. Under these conditions we found that clones grew more quickly alone than 235 when they were mixed with FCR3 (Fig. 3) . This effect was independent of multiplication rate and isolate region of 236 origin. We also found that all three clones suppressed FCR3 to the same extent despite growing at different rates
237
(not shown). Therefore, the overall parasitemia in mixtures varied according to the growth of K1 genotype clones. In
238
both experiments, the additive density of all clones present in a given culture influenced growth rate. 
256
The application of qPCR to study within-host competition between distinct clonal populations within 
268
vitro system we are able to study inter-clone competition while restricting host immunity to intrinsic erythrocyte 269 factors. It also permits the study of P. falciparum competition as opposed to using murine surrogate models. Within
270
this in vitro system, we found that density suppression is non-specific, that is, there was no evidence for targeted 271 growth inhibition between genetic types. These results suggest that the total parasite density governs culture 272 expansion in a non clone-specific manner. However, these observations apply only to parasite behavior in vitro 273 since the host may influence parasite interactions.
274
Studying COI, genotype dynamics and parasite density, many longitudinal field studies in high 
285
In our in vitro competition assays, we found that the co-culture of genetically distinct clones was 286 associated with decreased growth rate. The suppression of growth may have been caused by (1) resource limitations
287
(2) increased production of metabolic waste or (3) density regulation. 
